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Abstract

All kinds of crops including foods, feeds and turf grasses are damaged
frequently by wvarious environmental stresses such as drought, salt, cold, and
high temperature, which cause the loss of agronomic productivity. Plants
cannot escape from environmental stresses. Thus, plants were evolving in the
direction of overcoming environmental stresses. Some genes such as ARF,
AB13, NAC, HSF, WRKY respond to environmental stresses have been
reported in plants. The genes play a role in stress responses pathway of
plants, the transcription factor in response to environmental stress. Typically
OsWRKY76 increased the low temperature and pathogen resistance,
AtWRKY?28 been reported to be related to the environmental stress.
Zoysiagrass (Zoysia japonica Steud.) is used primarily useful for the garden
or the golf course. But WRKY, environmental stress-related gene, is
unknown in zoysiagrass. In this study, Z/WRKY3, ZjWRKY7, which included
one WRKY domain, were isolated in zoysiagrass. Expression of ZjWRKYS3,
ZIWRKY7 was increased at low temperature, drought, and salt stress.
Furthermore, infection of Rhozoctonia solani, which causes brown patch,
induced expression of ZJWRKY3, ZjWRKY7. ZjWRKY3, ZjWRKY7 bind to
the W-box of the Zjchi promoter and it was predicted regulates transcription.
Thus, ZjWRKY3, ZjWRKY7 regulate abiotic and biotic stress related

downstream genes as transcription factor.



A&

el

bol APAA, FA4 P

)

(Smirnoff et al 1983). o]& <l

el

o

Ho

|
2y
<

o

Ho
ol

o

Tw
e
ol
G

g

)

N
H

(large

#2013

W (Pythium blight), Z

)

—
fite)

o5 1

20
X

=
=

(dollar spot), 3] A]u}

=
=1

patch), & wn}

°F 10 o1 F-]

A4 (yellow patch)5

20
o 71

(brown patch), 4% (anthracnose),

3ol

Q

Rhozoctonia solani AG-2-2 (IV)el

ol 7 & EA417F =i Aok (Jung et al., 2008).

1) (Zoysia japonica Steud.)+=

=
=

ol

il

3

eERA o @
o] A4 0.2

o} e}

Ey_]__

ﬁo
B

o

to

olo

o]

&7

HgHoE vh

ﬁo
B

=
2%

T w42

I

S
il

I

an
HH

el

o

o)
R
0

o
20

"o

)
—

A8

Ak 2Py
A =2t (Toyama et

S

=
[€)

o 7}

457

=]
RS

o] 7= A

Ag
webd mrh

al

37

S
2003).

al.



Y
o%
oX,
=
Y
T
a[N
ftlo
HE
>
2
Sy
N
2,
>,
o,
:(!)L_ll
ol
M
do
oo
do
2
by
il
=2
i
ol
rlr
re
-
o

t} (Tuteja et al 2005).
HArEY 2o =2HW 2EY2E AATFY sA AE delA
N AG Warr AT R A om wmo AFHGo wel 3HAEH A

HSsleE e FRAEC] HAF FFAA FHHIL o] FAHAAEL AHE Lo

sEd s E HES AL EmelFth (Shnozaki et al 2000). 4Eo]
g7 sz AFer] s AEAY A4, Tk fAA, e
FAA 5e THW BIT FF FAAL BRF o) FAA g B9

i FAATE A WgEE A gAR geA glon,
g7 ~EY 2o wEshE tiEAQl MARRIAZ+= DREB/CBFs, AREB/ABFs,
NACs, NAMs, WRKY &°] &4 Svh 1 FolA WRKY family & A&
Eold HARIAZA, N = Ao HEH WRKYGQKAE ¥ C o

N

]9 zinc finger-like motif & 7}Zt}. WRKY w222 domain & F+Z9
w2t F 7ol WRKY domain & ¥3%3F+= group I, 342 domain & * 3+
group II ¢ Ml 2 & 5™, group I ¢ III

motif ¢ FHFZ FEPET. WRKY dwzde ~egx HE &
O~

s

C Zdho] EA3F= zinc finger

IR RE EAEE cis-acting element @1 W-box o] A o] A&
A& fARe AALE Z2Ad T (Bulgem et al 2000). W- box ¢ core
sequence Q1 TGAC &= WRKY w@uWide] Aglo] FQa3 A dolgt= Ho] th9
DNA binding 23S &st F9HE AT (Ulker and Somssich, 2004; Ciolk
owski et al 2008; Wang et al. 2015). A=7kA12] ATol|A, WRKY +HA+=
off 71%tfoll 1 74 7} (Eulgemt et al. 2000), wolA 100 7] o]l Fx =7}
WAL, (Zhang and Wang 2005 Ramamoorthy et al  2008).
A =Ed 2o WhEst= WRKY 7F A=A Bo] EAske ol AES
sEI gy o]Eo] EVFsste]l & AJelA vgI 2EHAE S5
Hgeltt. dA7HA ¥sxl WRKY 9] 7es ¥Ry, ®ee WRKY3S8
A 7hasEd s ARl dAAE 30 5H30Y (Xiong et al 2010). HE3
AL, 7he2Eds AgodA A £ H0oH

H71de  ATEAANA ThwaEds did AJEYE FE A= A=
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1. A8 % 2EHS AT

2 AT A F2YES fste dAE [yl 3k (Zoysia japonica S.
var 9739 & ol &Sttt A Ve ATE AT dEHS AP
AEQ 7N E o] &3 AUTE EXTE ofe] A FES RHE =
B AAste] wig AU 1/2 MS (2.2 g/ Murashige and Skoog medium
including vitamin (MS, duchefa), 1.5% sucrose, 0.4% Agar)v] =]l A F-uj <
skt Yo T T E AATG F 0.02% Tween 20 ¥ 2% NaOCl=
2087 A3 F did SHFEE NaOCle Aoy 1/2 MSHj Aol 315 3k

s
!
i

ro

IES ER =% HAste] 21T, 39 2o

x
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N,
03
=
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2. RNA 3£ 9 first cDNAY A

71 AHFE E3Y seedling & 4 Coll 24 A17F A 8)d & WRKY Fx24¢]
cloning & #lsted FH3AT 4 T Agd x4 d2 75 A AA Az

F4 97 AT o F ve] WA SR 23 oA A4S ol &ad
=]
=<

i

7+ st o, B8 A Fo| Trizol reagent 1 ml <
HA7bet &= A2olA 1023 AASITE o ¥ 13000 rpm oA 10 E3F
ARt AFdHS A FHo %A chloroform 200 ml S 713k & ZshA

, 3t A AR AT o] £ 4 T, 15000 rpm oA 15 &7t

dalEeste] ASds FEstden, w29 isopropanol & FH7Fetdlth o] ¥
QARYZEE oA pellet S 70% ethanol &2 A3 2w, 0.1% Dierhyl

pyrocarbonate (DEPC) €<)o] #2]%¥ RNase free water & ©|-&3}o] Hoit} o]
Z =3 total RNA 2 1% agarose gel 1719 %S o] &3to] 3Helstdrt. 05

ul ¢ oligo dT primer, M-MLV 5 x reaction buffer, 10 mM dNTP, 25 unit



RNasin Ribonuclease inhibitor, 200 unit M-MLV reverse transcriptase
(Promega), 1 ug ] RNA = 1 st strand cDNA &4 S $3te] AR5 o™ PCR

Thermal Cycler Dice (Takara)E ©|-&3}o] 533t} (table 1, primer set 3).

3. WRKYFARE2 £

EXHEFYH WRKY F4dA5S #8st7] f1ste] NCBI GenBank data
base = °|-& Atk WA WRKY @4 ofnjiil MdE T3 &, HEY
WRKY domain & Z%E degenerate primer & A|#3tch o & A=
cDNA & Fg7lgo 2 o] &3l PCR S H3sAt}. (Table 1, primer set 1,2;
Table 2, condition 1).

ZZy 9dH FHA sequence o 7]¥Fsle], 5'/3'-Rapid amplification of
cDNA ends (RACE): Full RACE Core Set (Takara)S ©]-&3le] $=3 5t}
(Table 1, primer set 3-11; Table 2, condition 2-4). "}X=to. 2 5'/3'-RACE
sequence ©| 7]Wtsle] F JH9] full-length WRKY F3dA52 cloning ¥ % th
(Table 1, primer set 12, 13; Table 2, condition 5). %% X+ products &

pGEM-T easy vector (Promega)E ©|83}4] sequencing 3}t

4. ZIWRKY ®3HAE9 ZF4 £4

Phylogenetic tree #4o]+= MEGA 6 program = ©]83}%t}. NCBI GenBank
database & ©]§3tel  ow] HuE thE WRKY 9 olrxil AES
TR, SXYERY ¥ F Jfe] WRKY fFd#ket vl &4 k3t
o] % bioedit progrem < ©]&3te] WRKY olv]wAl AdS HHs9 oM,
neighbor joining ¥H S AF83}e] phylogenetic tree #2413 a3t 249
o]g¥l WRKY T TaWRKY16 (EU665428), GmWRKY13 (DQ322694),
AtWRKY18 (JN848519), AtWRKY60 (NM_001335968), OsWRKY'76
(BK005079), AtWRKY40 (NM_106732), TaWRKY1 (KT285206), ZmWRKY52
(KJ728370), TaWRKY17 (EU665429), TaWRKY27 (EU665431), NtWRKY1



(AB022693), OsWRKY33 (BK005036), TaWRKY13 (EU665426), TaWRKY18
(EU665443), TaWRKY42 (EU665456), TaWRKY5 (EU665434), AtWRKY53
(NM_118512), TaWRKY19 (EU665430), AtWRKY6 (HM173628), AtWRKY31
(NM_001341527), AtWRKY42 (NM_001340482)] t}.

5. Z/IWRKY §AASe 48 54

ERYERyH 2® F /e ZIWRKY GAAEe @RS 9dte], 7|y

ke 5309 seedlingS ol &3ttt WA ABA, ACC, H.0,&= ZHZt Extt
100 uM 9] ABA ¢} ACC, 15 uM¢ H0,

O

©] 9% 3 mM MES buffere] © &
E Agste] Atg E2 AZY 3te Semi-quantitative RT-PCRS 433131

A 2E#z9 Ax 2EH2 g dd 24 53 fAES XERE =
AagdA 218 $ 100 mM NaCl €9% 100 mM Mannitol £ <}o] w31 50
ml tubeol 2|7} FA7IEE A ¢ 1, 2, 4, 8 12 AgF FA o2 S-S
Razoctonia solani®] e HHAFAL E30 FAEd & HAFd F 24 A3t

Ao R FHEAT FHE BE sampleZ 5B total RNAE Trizol reagent©]

0

&

cDNAE 3Ast9th ©] ¥ semi-quantitative PCR¥Z 1Q™ SYBERGREEN
a
[e)

Fol F=399em™, M-MLV Reverse transcriptase (Promega)g ©]-&3}9]

¢

supermix (BIO-RAD)Z ©]-&3F real-time PCRS 3sle] 7+ ~Eg 2o o3t

3] S A5t (Table 1, primer set 14, 15; Table 2, condition 6)

A
ay

6. EX A ZjWRKY @# 29 W-box Z

m_ol_lg
i

0

O

ZIWRKY 7} W-box ¢+¢] 23 5= &<Uds7] 939 Yeast one-hybrid

assay (Matchmaker® Gold Yeast One-Hybrid Library Screening System,

s
—r

Clontech)E 43 3} t}. Zoysiagrass chitinase (Zjchi)2] W-box & ¥3%+s}
7l ¢F 400 bp promoter #9& PCR & §3to] SH3tal Hindll¢k Xhol
ALg3Fe]  pBait-AbAi  vector o] A4St (Kang et al, 2016). el

rulo
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pBait-AbAi vector & BstBI1 & A}83}9] linearization 3t31 Y1H gold yeast

strain (Clontech)ol] #ZA A% 3 F PCRS %3l #FAx9 A4S <l
3ttt Full - length ZjWRKY3 3 ZiWRKY7 S PCR & %3l =% &
Hindll¢} Xhol & AF&3te] pGADT7-AD  vector o]  Adste] 23

AL23FATE ol Aol FH|E bait strain 2 SD/-Leu/AbA ®iA] o] plating 3}<]
H A~E3}al bait strain o] pGADT7-AD vector & 33 st FAAS
HFS-55 3|4 35to] SD/-Leu, SD/-Leu/AbA viA]o] Z=slar 30 ColA 3 L3+

F A3t b o,

jus)
=
o2
ro

ol

3lo
=

-

il
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Table 1. Set of primers used for WRKY genes cloning

Set

PCR types

Genes

Oligo sequences(5® ->3%)

Degenerate
PCR

ZJWRKY3

Forward AAT GGM GGA AGT AYG GKC AGA

Reverse GWG ACG AGY GCC GCC TTG AA

ZJWRKY7

Forward AAT GGM GGA AGT AYG GKC AGA

Reverse GWG ACG AGY GCC GCC TTG AA

cDNA synthesis
for3*-RACE

CTG TGA ATG CTG CGA CTA CGA TXX XXX(T)18

3" -RACE

ZJWRKY3

Forward AAG AAT CGG CAA GTG GCA AC

Reverse CTG TGA ATG CTG CGA CTA CGA TXXXX(T)

ZJWRKY7

Forward GTA CGA GGG CGA GCA TAA C

Reverse CTG TGA ATG CTG CGA CTA CGA TXXXX(T)

cDNA synthesis
for 5°RACE

ZJWRKY3

®GAG GAC AAC ACC A

ZJWRKY7

®GAG TGG CTA CTG TCA

10

11

5"-RACE

ZJWRKY3

Forward TGC AAC ACA AGC CTC TTA CC

Reverse GAG AAG GCT GTG CCA TCT TA

Forward AAG AAT CGG CAA GTG GCA AC

Reverse GAG TAG GTA TCT CTG CAC TC

ZJWRLY7

Forward CTT AGC CTC GTG GTG AAA GAC

Reverse GGT TTG TAC TCC TCC CGG ATA

Forward GAA GTA CGG GCA GAA GGT GA

Reverse GAC GTG CAC TCC ATC TGG T

12

13

Full-lengh

ZJWRKY3

Forward CCC GGG TTA CAT CTG AGG ACC A

Reverse TCT AGA ATG GCC GGC ACA AG

ZJWRKY7

Forward GCC ATG GAT CCG TGG ATC GGC C

Reverse CTA CTG TTG CGT CGG CGA GAT AA

14

15

Real time PCR

ZJWRKY3

Forward GGA TCC TGC ATG GCC GGC ACA

Reverse GAG CTC TTA CAT CTG AGG ACC

ZJWRKY7

Forward GGA TCC ATG GAT CCG TGG ATC

Reverse CGA CGC AAC AGT AGC CCG GG

_12_




Table 2. List of PCR conditions using zoysiagrass WRKY genes cloning

Initial :
denaturation . Final
condi . . . Annealing .
fions | Reaction mixture Genes Denaturation _ extension
s Extension
Cycle
¢cDNA 30 ng, 10 x Ex Taq | ZIWR
buffer 2 ul, dNTP mixture of KY3
each 25 mM 2 ul, 1 unit Ex 94T 94T 55T 72T 72T
1 tag DNA polymerase (Takara), . . 30
50 pmol each primer set 0.4 ul Ziwg | °min 30 sec | 30 sec | 30 sec | 10 min
KY7
ZiWR
cDNA 50 ng, 10 x Ex Taqg KY3
buffer 2 ul, dNTP mixture of
each 25 mM 2 ul, 0.5 unit Ex 94T 94T 60T 72T 72T
2 tag DNA polymerase (Takara), . ) 30
10 pmol each primer set 0.5 ul 3 min 30 sec | 30 sec | 30 sec | 10 min
ZiWR
KY7
¢cDNA 30 ng, 10 x Ex Taq | “WR
buffer 5 ul, dNTP mixture of | gy3
each 25 mM 8 ul, 5 unit Ex 94T 94T 65T 72T 72T
3 tag DNA polymerase (Takara), . . 30
20 pmol each primer set 0.5 ul ZiWR 3 min 30 sec | 30 sec | 30 sec | 10 min
KY7
ZiWR
PCR product 30 ng, 10 x Ex Ky
Taq buffer 5 ul, dNTP mixture 3
of each 25 mM 8 ul, 5 unit Ex 94C 94T 58T 72T 72T
4 tag DNA polymerase (Takara), . . 30
20 pmol each primer set 0.5 ul 3min | 30 sec | 30 sec | 30 sec | 10 min
ZiWR
KY7
¢DNA 30 ng, 10 x Ex Taq | ZIWR
buffer 3 ul, dNTP mixture of KY3
each 25 mM 3 ul, 1 unit Ex 94T 94T 58T 72T 72T
5 tag DNA polyn_lerase (Takara), 3 min 30 sec 30 sec 30 sec 10 min 30
10 pmol each primer set 0.4 ul ZiWR
KY7

_13_



m 23 3 13

1. WRKY fFAAESY EF2Y

WRKY family #8025 293871 f18te] NCBIE Fste] 7|Eo Had g
ArEY 2z WEatE o2 ZE9 WRKY family A5 A7144S 3
3tk HEH WRKY domainA &l A  degenerate Xz}o]lW S  t]x}<ls}o]
RT-PCR< F3ag A%, ¢ 900 bp ¢ 600 bp #1AelA band7} &= At
(Fig. 1). 2% DNAZE pGEMT easy WEo| AtQlsle] A7 dgde <l 31
th o] @7l dE& Blastg Fal 43 A3 A WA GHL2 Triticum aestivum
WRKY2 (TaWRKY2)3 97%°] ds4d< 4ehdllth, TaWRKY22 WRKY
domaine X &3t group I WRKYZ &, 1%, =3} 59 ~E# Xz 93] A

AZb EAE R, A RS A Ax 2L g 2Edzel dF A v

o

T7F AE Ae® BauEHAY (Niu et al, 2012). 7+ WA dAL Oryza
sativa WRKY71 (OsWRKY71)¥ 99%°] 4&4d& YWt wo] JNadd
E 29l salicylic acid (SA)9} methyl jasmonate (MeJA)ol| WHg 3= ZHoZE H
AT HolA OsWRKY71< ¢d AZe W #HALAdrntEHE Fdets
Xanthomonas oryzae pv.°l td WS YeERAAT (Liu et al 2007). wakA
oA BeE 7 odH B SPREd X ¥ WRKY F34d A

5

o7 oAsda, 1702 bp 2ol A HA dHS LWRKYS3E, 975 bp Zo] ¢
&2

g

T oA Gl S ZIWRKY7E W

_14_



(A)

Brasaica rapa subap, WEKY4E mmmmmmm == T R UK R TR TRy PR THRF TR C L AR KD AD P 2 T F RV W SR TCEN T T TSR I

ﬂ:.'bimi.; thaliana II'.H‘I"_HF ===ee==e= M OO L P AR D R CORL YR B R VR TH == RN C R R R RS = RECHIIRIIYT PURRSET

Citrus trifoliata WRKY2 YVHIVETIVED T RN RET COR) VRS Ko ERETRET PCCAKKIRCED HYTRIVERCHNEHD P P RKRNCVRY

Eclllnld.h hirsutum WEKT2 A PR POV AV A D PR SR TR PR TR TH = = < PR C PV IVERS - AR CLITEI T TR THIHERD # PL0IE

Clustal Consensus . YT EEERERE KL E AL L .
e

(B) ©)

Figure 1. Design of degenerate primers for WRKY genes cloning and RT-PCR.
(A) Alignment of the amino acid sequence WRKY genes in NCBI GeneBank.
The red box appeared forward primer sequence to amplify of WRKY fragments.
(B) From RT-PCR using the primers designed in WRKY domain amplified
band. (C) In second PCR using the primers including WRKY domain produced

band of approximately 900 bp.
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2. Full-length WRKY® X A&59 249

Degenerate PCRS 53] 942 F7IXES vtg o2 3" RACEC] AFgE xgolH
£ A#etith 3' RACES 83 43 A A 93& oF 1.1 KbpolA W=7t &
A EAa, T oA TEe oF 600 bpoll Al AU 3 RACEE &3 3%
HE 247 pGEMT easy ®WEHo Agste A719S &2 sk e 47
Mds v o R 5 RACEE 98 Zefolw s A#ste] PCRS zdstsich 5
RACE 23 A WA @2 500 bp, + HAl @32 650 bpe] =S 1T
ANTE 5 RACEE &3te]l 42 F 719 @3 9A| 242 pGEMT easy ¥ H
At dride g9 stk 35 RACE ZA3E 539 7 FdA9
full-length 9714 E& T F AAL, o A7IHES v S RE  full-length
3t Zatolw & A Fatoith Al E Zeto]m g o] &
sto] PCReF 23 A WA dHS oF 1.7 Kbp, 7+ HAl @HS oF 1 KbpollA W=
7} F4 = 2t} Full-length WRKY 4259 d7|AdS 228 A3 3 Hx o
HL ZmWRKY52¢F 81%°9] 4sd<S WetHlorn ZmWRKYS2+= oF&7H4] 7]
o] By ottt (Fig. 2A). F+ ™A @8> OsWRKY76% 75%° 454<

At (Fig. 2B). OsWRKY76> v7} Wsl& AstA 43S o dojues =4
Holl ot Ay A2 2EH 2 e AgAHS HERE o

=
o} (Yokotani et al, 2013). webA] . Ao A Eold F odA 25 3

i

WRKY 345 2249 317]

2o

IH

o,

2o FR¥eE WRKYRFHAAL Ao® o 4dstalir, 1702 bp Zolo] A WA &
HL ZJWRKY3%, 975 bp #Zole F WA ©@HL ZWRKY7Z WHairt
(Fig. 1B).
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(A) (B)

600bp —> 650bp

(®)

1.1kb —

(E)

1.7kb —>
1kb

Figure 2. Cloning of WRKY genes depending on PCR from zoysiagrass. Agarose
gel electrophoresis result analysis of 3' RACE (A) and (C). 3' RACE PCR
produced PCR products of 600 bp and 1.1 Kbp, respectively. Agarose gel
electrophoresis result analysis of 5' RACE (B) and (D). 3' RACE PCR produced
PCR products of 650 bp and 500 bp, respectively. (E) RT-PCR using the

full-length primers.
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3. Full-length WRKY 39 %2 EA 2 AZEA

7€ BaE 7lEe] I4HEz v HAEES WRKY 35S NCBI
GeneBank o4  FH3 ©& MEGA6 =ZEI1#S o] &3le] Full-length
WRKY #5732kl A4 ORF H-&& 7]E0 7150 4#z & 4 EE9 WRKY
family A2 3 4390 (Fig. 3). 2 23 ZJWRKY72 TaWRKY16,
GmWRKY13, AtWRKY18, AtWRKY60, OsWRKY76, AtWRKY40

filo
Hed
ot
ol
£

groupllol &3 AE AT = A, o] grouplldl F3te FAAE 2 4
2EY 28 AR 2EY L S vt 2 o® HuH (Chen et al 2012).
ZJWRKY3 2 TaWRKY1, ZmWRKY52, TaWRKY17, TaWRKY27, NtWRKY]1,
OsWRKY33, TaWRKY13, TaWRKY18 & ¥3&3}+= groupllle] %3 AL selg
F AAth (Eulgem et al., 2000). ZJIWRKY3 ¥ 78 1% 43 TaWRKY1 &
N, w3 Ax 2Ed o] W Hdd AAS wW Ax
WS vetdtta B aEdth(He et al 2016). Grouplledl €3t FAAES
oy 7HA A ZE#H 2 giE] Rkgatgom AEAMEARE Hodt=
Aog HuEArt (He et al, 2016; Ogata et al., 2015). ZiWRKY3
ZjWRKY7 2 3}4e] domain X3S W4 717k subfamily o] &8 RE
oln| izt AMES Hus|E Ay AsAdol 20%°l  E#eitt. WRKY 22
Eo g HAolA EAWold 9 Wt A7
ojg gk Wstg <l +xu 7wl Eet & 4 QlaL, o] Aol wiEel

Ao A WM A2 Aoz ogAadnt (Eulgem et al., 2007).

B

o

subfamily A 2= 2
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Figure 3. Ahgnment of the cloned Z]WRKY genes by using the Clustal X
program. The red box indicated WRKY domain. The red arrows indicated
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4. ZiWRKY A A E 9 phylogenetic tree ¥4

71E0] Bag 7]Fo] 4zl e AEES WRKYFHAES NCBI GeneBanks
Eato] £33 e, MEGA6 Z&18S o] &3afo] #4139t}

o A3 ZZWRKY7S TaWRKY16 (EU665428), GmWRKY13 (DQ322694),
AtWRKY18  (JN848519), AtWRKY60  (NM_001335968), OsWRKY76
(BK005079), AtWRKY40 (NM_106732), TaWRKY1 (KT285206), TaWRKY42
(EU665456), TaWRKY5 (EU665434), AtWRKY53 (NM _118512), TaWRKY19
(EU665430), AtWRKY6 (HM173628), AtWRKY31 (NM_001341527), AtWRKY42
(NM_001340482)& E%Fste] groupllel &3 A el + AL, ZJWRKY3&
ZmWRKY52 (KJ728370), TaWRKY17 (EU665429), TaWRKY27 (EU665431),
NtWRKY1 (AB022693), OsWRKY33 (BK005036), TaWRKY13 (EU665426),
TaWRKY18 (EU665443)& * &3l grouplllo] £33 AS &Fd 4= At
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Figure 4. Phylogenetic analysis of ZjJWRKY in context with other closely related

WRKY proteins. The bootstrapped tree was constructed using Clustal W and
MEGA 6 software. Red box indicates the ZjWRKY. Significant homologies and

close phylogenetic relations with other WRKYS.
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WRKYE % 3749 ANZE ddsts dAIARZ ®augoe] 9lvh (Fulgem
23 ZjWRKY3, ZjWRKY7%= oJu] H g uje}

Zol FAH~Ed 2o g g FE AEAT E3UE 8stE 22 4
% 2o Zsly Axs & Ads Aoluh Td 1+

A g Eehrhe] T E Aol aFHATE (Kim 2005). wheba] 2 Ao A=
B39 &8 275 E AARNE VFoR EXTAA EEd ZjWRKYS,
ZiWRKY79] &S 24ttt WA =3txEd s (ABA, ACO)9F AFstAEd 2
(H:00)&= 242 399 9445 3 mM MES bufferel 9 3 100 uMe ABA $}
ACC, 15 uM9] H:0-5 A st Azt "=z &8 shef 249tk H0, A2+
= ZIWRKY3% ZjWRKY7 B5 6A17#A10] o249 vj5dh #dS {28t}
16AZRE & o wdo] fasts WY 2tk ABA ATl ZIWRKY3E
TR TdFo] S7AAN ZJWRKY72 643t S7F 3vk7t 16417k 24
Fol FATHAIL ThA] 24x17Fel F7F @tk ACC AHE T A= ZWRKY3%
ZIWRKY7EF oFstAl wdo] F7ishe el #elst 4 ot (Fig. 5). A&
(4 C) 21X TdS B A3 WRKY3S A2 A2 & 2423k 714
A&HEHo g F7hsle] xTE 7|Fo® wdo] oF 48 F7b8tal, ZiIWRKY7
S AL Ay F x7dE & WEE HolA Egoy 48Xt ERTFE V)
2 o] oF 2u) F7FEFATH (Fig. 6A). AZxel tidh wkg& 224357 93|
Az U3 a3= HolE mannitolS B3 A} ZJWRKY3Y ZiWRKY7
o 7bzk 2X17F, A7 Fol o] oF 15u) Frbekdlth (Fig. 6B). @eoll thdh wk
§& ZJWRKY3& 2A13F Fof wrdo] oF 28 F7bakslal, ZjWRKY72S 8A1ZE
Fo] o] oF 4u) F7}sldtt (Fig. 6C). ZiIWRKY3, ZJWRKY7 2% A& 2
E2E AYAS w Azgto] Age wel wdAgo] Frtetth. Z/WRKYSS

ol

ru’i

Az, A 2B Ay Al 2A7F Fo] wd<go] A% FUb S8aL, jWRKY7S
Az, 94 zEd2 Az A 8AZE Fo] wEge] Frslgnh ® Az
ZIWRKY3, ZJWRKY7 X5 A2, Az, 9o 230A ddo] F7iet dybe=

ojv] <&zl WRKY< Fd3stA €78

1m

gl o] Aol 7]l Ao o
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th 58 ZWRKY3S ZWRKY7 Bt} we Azte] o] 745 A0R w
ob ZjWRKY3°]l $32zE#ze] © Fa3 95 & o= oidrh
ZJWRKY7°|l 1%, & ZE#zoA wdge] T3S vHEg o fo tiafjr =
5 A7 desh

SE3Ye A Fa3k #HYre syl ZAATHW  (large patch)e] WY
(Rhozoctonia solani)°ll W3+ ZjWRKYS, ZiWRKY79 WS ZAFSTH R
solani-s A2t A3} ZiWRKY3S A2l * 3Y4HFH S7iste] 494 iz 7]
To = Wdo] of 250 FUlelAal, ZIWRKY72 A2 & A&HH o2 F7)shd
3YHH 4d7HA] FEER Frtete] dET Vo ® whelo] of 35u] F7HekRd
t (Fig. 7). R. solanis A2t A= ZIWRKY3, ZiIWRKY7 R YA
o] F7let i, E3] ZJWRKY7S ZiWRKY39] nHlate] kg ko] oF 10uf o] AF
7Vt ZjWRKY73 A5 Ado] 7 2 OsWRKY76> ¥ =g gk
gl o 9L s Aoz wiaso] 3du (Yokotani et al, 2013). wheh
M ZIWRKY7%= W AZA WAYUSFAA % F83% 935 & 2o 454
=3
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2 Z]WRKY3
ZJWRKY3
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18s : '&diﬂ

©

ZWRKY3
ZJWRKY7

Actin
Figure 5. The expression analyses of the ZjWRKY in response to abiotic stress
in Zoysia japonica. Expression profiling of ZjWRKY under various stress
stimuli. a Semi—quantitative RT-PCR analysis of expression of ZjWRKY in
leaves of Zoysia japonica. At different time points after various stress
treatments as visualized on a 1.5% agarose gel. I8S rRNA, actin were amplified
as RT-PCR controls. (A) H-O,, oxidative stress; (B) ABA, senescence stress;

(C) ACC, regulate ethylene production.
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Figure 6. Expression profiles of ZJWRKY3, ZjWRKY7 under treatments with
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0 S

47C, drought, salt, in zoysiagrass leaves. The actin gene was used as an
internal control for qRT-PCR. The Y-axis indicates the relative expression
level; X-axis indicated hours of stress treatment. (A) Expression profiles

of ZZWRKY genes under cold (4 °C), (B) drought (100 mM Mannitol) and

(C) salinity (100 mM NaCl) growth conditions, respectively.
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Figure 7. Expression profiles of ZjWRKY3, ZjWRKY7 under treatments K.
solani in zoysiagrass leaves. The actin gene was used as an internal control
for qRT-PCR. The Y-axis indicates the relative expression level, X-axis (1,

2, 3 and 4 d) indicated days of stress treatment.
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6. EEAA ZjWRKY3, ZjWRKY7 ¢ W-box 2% &4

215 WRKY 2 @& Wojaddd FHAxe ZaREAH TGAC core
sequence & ¥%3sl= thE W-hox o] W3] =& A X3t==E zr=t) (Yu et
al., 2001). <A Ffs ddREA AFol|A ZiWRKYS, ZjWRKY7°| Wt
ddel o] wo] FUMHE AEde BT wEbd HARA FHaAR dEx
zoysiagrass chitinases (Zjchi)®] promoter Ao EA43+= W-box ¢
ZiWRKY3, ZjWRKY7 ¢ Eo]% ZAglo] & vyeast one-hybrid system <
Abg3te] B39t Prey vector 1 pGADT7-AD  vector & GAL4 &4 3}
Zuly  ZjWRKY3, ZjWRKY7 F#AAE  fusion Azl & F2Y 39
ghelst vt 18] a1 Bait vector Q1 pBait-AbAi vector ©] Aureobasidin A (AbA)
of A3A4S velE AURI-C ¢ zoysiagrass Zjchi 4 * promoter A & ]
W-box (TTGACC)E X33 2F 400 bp 9 AYE fusion A7l & F2Y
st th 183l Yeast strain YIHGold ol 278 st3ith. AWnl# AbA &
22 SD/-Leu/AbA u#| ol X = pGADT7-WRKY3/WRKY7 3 pBait-W-box &
Zol ¥ Agent gwrt F4 stdlvk whe] pGADT7-WRKY3/WRKY7 v
S 9o pBait-W-box ¥ ¥ Aol ZEI7F AHA FeS FAT F
AR SAYNETZ AFE ¥ pBait-AbAi, pGADT7-AD ¥+ ¥ Af-dA=
BR7F FA kA @ken, AbAE YA 22 A dx TedAeE BT ZEV)
SAsath (Fig. 8).

ZWRKY3, ZjWRKY7 -2 =xvlel WAdA R solaniol  ols) T o]
<s7hetlen ZjWRKY3, ZjWRKY7°l WAZA FHA Zjchi o] ZE I
W-box ol  ZAsst Aye  ZJWRKY3, ZjWRKY7°] HAd#dS A4
AARIAL R BARE FAAE TN 98S e A & 5 A
kA Sl EEd ZJWRKY3, ZJWRKY7 & olw] H iy WRKY ¢

A € B el o

ro
Y

P el T Jds Idra A
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(A) (B)

Positive control

ZjWRKY + W-box Empty vector
P1
P2
P1
P2
ZjWRKY W-box
© D)

SD/-Leu/AbA

Figure 8. Analysis of the W-box binding activity of ZJWRKY using a yeast
one-hybrid system. (A) Schematic diagrams. (B) Positive control. (C)
ZjWRKY3 bind to W-box(P1, P2). (D) ZjWRKY7 bind to w-box (P1, P2). PI,

promoter region 1. P2 promoter region 2.
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AHE SHYAA HerEd2d 93] FE5E WRKY family-5 2
S AAe] fstel A4S R8st WRKY family &= 418 5°]4
HAARIAZA, N Zd Ao HEEH WRKYGQKAME 3 C Zd A9
finger-like motifE 7}z tt. WRKY ©@#2aS domaind 7o ozt F 719
WRKY domaing ¥3%3s}+= group I, 342 domaine X3+st= group I 9 III
2 8 =M, group II ¢ M= C Zeted EA)8F= zine finger motife] T/ =

et WRKY “Wide ~Egx g §dx9] Z2 R &A= cis-
acting element?l W-boxol|l Z3 3lo] 2& ~Ed A AdA FHAe HAALS
ZA% 1 Byt (Eulgem T et al. 2000).

WRKY familyd E£% WRKY domain#9< Hl® o2 degenerate PCRS
T8 35lo] partial cDNAE #2833tk 289 partial cDNA sequences 7] HHS
2 3o 5/3'-Rapid amplification of c¢DNA ends (RACE)E <333t}
5'/3'-RACE sequence®] 7|4¥Fste] 5 7H9] full-length WRKY F#HAES
cloning8tith. full-length WRKY #4529 d7|4dde 48 23 3 A
@GS ZmWRKY52¢9 81%¢] AsAdS YHEHen ZmWRKYS2+= of4 7HA]
I50] BEstA BusA Fdrh F HA THS OsWRKY763 75%°] 4573
< ESH OsWRKY76 H7F Wall& AetAl dds vl dojvs= =diel o
g AFAEYN AR 2EHZ dEd AIAS UEHUE Zom Hiuydy

N

o Fr¥e WRKYFTAAY Ao o4staial, 1702 bp 2ol A WA @#A
& ZJWRKY3%, 975 bp #ol¢] F+ WA GHS Z/WRKY7= ™83ttt

o] 714 FAHREHE T ARAEHAS dREHAE BE 2E A
B, AE S Fv 2EH 201, dF WRKYWW do] A& Az
EY et d2Eg zof dbg st o2 BuHAr (Chen et al,. 2012). ol&
Eo] W9 OsWRKY11 HSPI0] Z2RE 9 24 3o 3od AAS v =3}
A @ AEH] FAEATE (Wu ea al. 2009). wetAd #a¥ ZjWRKYS,
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ZiWRKY7 94 @A 1Ed 2o wkgsli=x] elsr] 9ste] ofg 71#] 4~
Ef s 22 oA HHEEAS FAsT SAEAEY 200 AAAAS HI]Y
3o ABA, ACC, NaCl, Mannitol, Z28]1 AH2~E#AE 283l real-time
PCRE o] &35te BA3Ath. ZWRKY39 4% 4, A%, AL 2Efxd 93
of el F7hgk Wb ZiWRKY79 AS-ele wdd xxdstelA il 7t

SFAAINE A o 2E#HzoA wdge] TS wESIGY. wel o, A%
2EY 2 24 ol Z/WRKY79] BHde F5 A4y i Zos Ao Az}
#t}.

i

S AFLA Aol ZjWRKY7e] W3t #dd OSWRKY769F +AwA=
et e,  ZjWRKY73%  FxHos 77k AtWRKYIS, AtWRKYA40,
AtWRKY60> do28& sto] @3 B2 Beshd ~ELL HFo] v

ﬂl

$et= Aow HuHET (Banerjee et al. 2015). webA  ZjWRKY3#
ZiWRKY70] AW #&Ho] & Aoz dista 7oA A&% zoysiagrass
He A3 R
solani-& A2t A3 ZiWRKY3S A2l * 3Y4HFH S7iste] 494 iz 7]
Fo 7 wdo] of 25 F7}E AL, ZIWRKY79 A%+ R solani A& 49 %

seedling® Rhizoctonia solaniS #1283k & 4d 7] wtg

:
£

o controldl ®l&|A oF 3ou] A2 A4Td] TXE HAS W) o] Ay
ZiIWRKY70] ZiWRKY3°l| ¥H]3] pathogen % A  £23 9adg A= &
20 AL AAstA st AdFoltt. E8® ZjWRKY72] phelogenetic tree ¥

A3 W A A# des Below, e A4 A M= Rhizoctonia
solani®ll ZFsHAl =¥ ol H k. olol] wel o] ZjWRKY7e] ¥ AdA 3 #de
transcription factor® o3& sttt 7IEe] His o] =iolA WRKYH9
o] wufe] chitinasefrdAFe] T2 R | ol EAst= w-boxell ZAgste] sh
¢ 2EH2AA {FHAAEY FHdS 249 (Yang et al 1999). whehA
ZiWRKY3, ZjWRKY7 %3k zoysiagrass ¢tollA H A4 #d FHdxe} 45

A48 @ Aol A AL, o3

N

E]

W3} 1A} yeast one hybrid system=
ol &3ty HAIFAS TPt AFES FAS A ZIWRKYFHA7F w-boxell
A3jtsle] reporter gene® HAALE G4t A7 AS Q0 & 5 AT o] A

= ZjWRKY7¢] WA A ##H F4d2F2 zoysiagrass chitinase A} 2d &



tH, 2 Aol W-box7}

S

e
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